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(57) 

^-fyo<i$-lMmJ:»)/h$<-r'&ii:-C, S^^Hl 
rmtm 1 3 5 Sr jplffl t , ^flc^ y rcoj&eitcg 

1 3 5{il CXStCi O^ft^-yrifcSiS^^l.S. 




m^JMi ] ^i^^-yr±<7)mmm^ ( I c ) ±c7)ii 
if*3a 1 i,z%m<7) I cp^iusi. 

ClS^Jasi ^»aTi: ICi^3>f;w*«lcigjtXS 
TT*> SW^JS 2 i.ztm<r> I C ^^HISS. 

K-^mm^T<r)nmzmi.^ixrzmim. i t::iB«6«^ i c 

fiois^3r<7)^hia5tcEg$iT^i«*« i tcffitto i c 

[ii«5S6 ] ^aT<Dfi>izmm.^tifz i cig^^^yi- 
M3it3ri*itctj{tS't»ig®<oisa5«wtciiia$*ut 

im^m? ] mmmzmtti&mm^T\^mcD'pmmi>^ 
»m^mmfim-ch?>m^^eizim<7) 1 01^0 

1.11^31 6 {^leKio I cmmm^. 

[smm9] IC^a-{ MzX*)m^ix?>^nTt 

x\'^^msm7i,zim(r) I ci^^mss. 

[1*^311 0 ] mm::iT<mizSim.^tLtc: I C|^3-Y 

m<^±^mizwim^tif^MS(.<r>±sim^i:^A. . 
%ts. wm^^izwm I c^sEiK. 
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m<r> I ci^^3-f ;i^*»f>^^$^i, 
'S:h\zms,\cw^^MvhK m.mm^)L}LUwm 

W^^^^^hWm':iT%\.zmW.^1xtz'yti:<hi^\ 

s^ic^^rj>f/i^*i. ws-^TMzmm-hmiiW^ 

m^mm(r>m^w,zwM.^ritz'm<r>'^wmm>L-m 
wmw^^m<r>iLumm,zwim.^ixfz?m.<r>i.%vm 

I cmm:3-!MzmttLtmm^Ttmmic^a-( 

'^^m^rt I ci«^3^;i.*i I csjtigt:fcv^T 
mtt:ti^tiMTX'$>t^W^'yy±izmm^nf:: i 

a*3S 1 5 (CieScO I CK«l£l8&. 



(3) 



^h^z. ^mA^^m^zwm.^fitzmm--=tA }Vhw^(r>-^ 

tc^^iL\,zm&%ixtz I ci^^niss. 

-v-fkt, 3«:miStc{iffiS:o^i^*S, ?t^«o±a5 

(b) ^«3T2-S<«ifc<7)aM#S^JgfiKL, -^-it-Pit 

i:v^a®pg$-i-tf. I CSSiiXStisttS I CS^EIK 

^-th I c«iixs^fiM-r-i.ii«« 1 9 i.zsm<7i i 

[»^^2 1 ] (a) CD^-ft^Sc«m»/i>ffl^$#I^JK 

mm^. <3>mMmm^<r>±.<D^^m. <s>mmw.m±.<r>m 

(b) '^wm^n<mL<r>w^^m:m^L. ^m-ixcn 
±.^mmminm(r>im^m\,zw^Lx. iMnxtf 
mmm^Tm^^^mmziA;h.^h^ixti i cm$ 

2i<ogi^(a) tm^^^imm-hWcmh) 

I CgJtXgSrfdfflf 518*^2 1 tciB«<^ I C^^IU 



1 ^ztmcT) I ci^iH]if&oi8jt:*f&. 

[000 1 1 

nh^yir^^jf- ( I cwmmm Rx/^cowk^jmiz 

mt?>i><^-Cif>'0. mzmb<li. ^lalK ( lO <^ 
-mtLXy^ y(^mm l m V ^{i-?-iiJilT«0^ 

s& (I c ) asat L-c«ffl$#i.-i.-^ { I CIS 

[00021 

[ta!5t^<7)i$|§] VLS I (very large system integrat 
ion ) tJit^ULSI (ultra-largesystem integratio 

n) ^j:}^cr,mwimmx'mwmtm^<ymit^tix\.'^ 
htii. ic{,z-^uxiiimmj:^mi}>t>.mm^^^i 
cazWimtuzm^-^^x^mnzhh. icmmmn^ 
mm^iz rjitiiPij x\ jiMT#iicco*¥®tcjSffl-r-i.r 

is^niKti r^^sppj «it^i^*,, -m.mzmm.mm 
<mm.^^-rh, :i<r>mm*j:t^wmmm\izii*)^^ 

v^-&. m$mmi0'<(7)y 4 mim. i^m. 
^^iiXx/^-Kco-^rcommmMmzmm^ix. i^m-^ 
^r^fu^t>im. :i^:^-fu^-<7)mm. m^^m (e 

SD) (EOS) i)^(><7)9mizmm^ti^. c: 

£omm\°i^?: I c^'yyi,zm^Aix(:>ix^\^t\<^omm 

X ^ti^iz ^<Xr3Xht)^\,\ Z cofzi^m^X'W^^j: 

I cwkmrn^mmtxymit t , »m-^ ztamL 

[00031 *n!|tit^, 783.646 -^ct) r^giitJijasis 
:J'x^>'-ht'?-ir)Sjt:SrjSj (1988^11^85 

fiT:^x-^gP^i:±!e2gBr5i-$rii^S l^^^:5h!;> ^> 
««SnTV%^. ^•yyi^-u±^hi.z^W<r>y^i^ 

-vi-yT^mL. ^f^mt¥<omR<o±^zBM$tl. mf 

^^<r>m^<r)^wzmm^ii. i)^'omm<7)±mzscho 
ttkyvN' >j rmM^mm-h . ^ -v ^ly- k4 s «^ 2 

<7)a«y - V L . Schottky/s' 'J r«®(7)^i;«:fc: 

^^n-cv^i,. ^w<r)y^^-Y^'yrbm^m^ 

S^Oj^^ti^'f 3!-- HiO^ ( parasitic) C7)t?«§a 
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C 0 0 0 4 1 ^i^ii L OmmS&iT Vyh |H1S&;1-C- K 
±<n (f>arasitic)!»m^Sf:-lifc:lS^-r^t<0-C. m 

[00051 Z<7>m. ^mn¥fm4.841,253 ^co rtgjg 

^<7)D c/u Tx<r>tiib<7ii^i^mmm^i < 1 9 s 9 

¥6H2 0B%fir) tdfeV^T, Crabill {Jf--yr±DC 
^^''^r;^$:^^y Ui^-y:?'4^fi|s (Monolithic semic 
onductor) S:^LT*5"9, -^-iXtCti^tL-f ix<7)>»-?^ T;^ 

5r-^tf. 01 . ll2fcJ:tA'ia3tc^-ra'). Clix^jcoi^ 

vt:? b I cmgP^i-. i: < tCV L S I K»i^jlS-CJ> 
S 'f ^J' >'X«^^^{C|S4>ix-C V ^1, . Crabi 1 i 

mi>z^^timm^tix\>^tmmii-^*)mm^tix\>^ 

c 0 0 0 6 ] ±ii(oiimm.mm^mHz. ^<(omm.^z 
mm ^ tihmmmmisikor^izx s*ia#rFii4. soo. 32 

«r>fci6i7)#.— Sg*<7)g ejgiJ^D C - D C 3 WN'- 
-J ( 1 989*1^ 24B^ff) ^Kitchin (CiSJit 
E#fflS4,845.580 #(5D r AC-DCX>'^M 
i^hV\'X7-f;l'^'-j ( 1 989^7^4Bfgtf ) (ct> 

<0^S[HlSI{4BB^.*Hc I C^JU^<r)Sit LXIC^ 

•yy±izm.mt^ztti^x^^j:\\ :i<7)fzisb, icmm. 
Siitcfev^-c, t«.zwmmmmmirh-j;!mti^hi>m 

[0007] 

[»oB*«»^t J: ^ fc-rSilSl *i^<OBWJi. I C 



1 cr^U Xcrt-Uh LXI&^Xtlhflh I C<^)ffijti: 

mmmmz^m-hm'i-'r^u xifi^m\\LX'% . i cm 
mjM<r>mmizx *)m.mrc^i>x p*, ^msssr i c 

c^fieffltCct Ott#§tLl. J: fi^lHlSI^ I Ct^^n'^ 

•9 ckv>ISH-i: J: Oi§v^iS!ita»lc<J: J: d 

[00081 

J: O/h^ < -r-g. CI i: X\ SKiS^HK^^^lc; I C laK 

mtmmmi^^^ts^mw^'vy'i.i.zm^^ixi.. ^co 
^iHis&j4. ^Mx-m^fut-^mMmmim (hms 

M) Tm:^^^SI^^3r$r-i■tf. fS^rJT^Ht^^ 
>fT(vias)j rtcO^ISi:. iSB^iaKafc ^-^tfl?^ 

J:oT>'N-^-v^l:?ix^. Ltzif-^X. imart. m 

-r±.i,zmm.^ix^, zixt><r>^^t^mi. -mm^j:i$. 
Wfyii. ^mRimr<^i>\mi:-^%\izmi'th;iiii3iX' 

[00091 

iwn<rymi<mmi 0 1 ~07 « i cmtm^ 100 

<7)gjtxs^^-r. la 1 t.iiM'mmi.zmmwm 1 1 0 s: 

^;j..|.S«l 0 52r^LTV^-|.. ^®ll 1 5\mmW 

mil o<r>±j,zwLm.^ixh. mmmi 1 5«x-y^y:5^ 

O^N'rJ'-V-ft^fl, m^Wmmi 15-1 SrJg^-r 
5. 02«i, m$W.mii o<r>±.^zj^^-yit^ivtzm. 

mw-m 1 2 o*<s^p»iSE± 115-1 {,zm^^ixx\.^ 
icr^Lx\>^h. mmit^minmi2 summfi^mi 

2 o(r>±izmm.^tii> . ^^mmtnm 1 2 5«4$ ^, 
izji-y^y^^tixmm^T 1 2 5-i^mm,-th. m 

4{4,l^riT125-l <0±SSCSiJOp^f*:;i 13 0 
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nW.<r>^^^T (via) 1 3 5{iW^§V^tfy;^-;^-C'$>'). 

x'^tz^fix , mmmm 1 1 5 - 1 (c«^wt:jS^ u 
Tv^i, , me\m(nmmM 1 4 ot^±.m<r>w»wm 1 3 

as^st 1 4 0 - 1 i: . ^±.umm.\i 2 o<o>'nm 

ri:igg!$iiTl«lS-fL^ii««i^^3r 1 2 5 - 1 $rH 

tsm,t:m^-th . «ijc7)Bi#f45ji 1 5 0 ifijcmmm 1 
4 0-1 tcm^ix. wmmn 1 0 o^#$^«a-r-i.^^• 

<y 3 yfc J; 1 5 0 i: ^ S . 

[ 0 0 1 0 ] $ 1 0 OiO?^®&-«BJlg5 

Itlli:^^^^^-. iSgP^^l 15-1 i:±a5Ka? 

H 1 4 0 - 1 S: r ^ Ttg^S 1 3 5 -C'tSig 

^mwL-th. m 1 o(i, ^^nr 125-1 ^-g-tfSi^ 

HIS&l 00?r, 09{il^rJTl 2 5-l5:-^^^V^SI 

L , I c [iis8i5ff*ics!*c7)a}g[6] I c mmmttf^ 
^^mi:mmthmf:i:mm-hi:><7)X'ht. 012 

tiE S Dfiia<7)^ai^-Scr)i^^||2r|*|gp[i||PS i 5 5 fc, 
S'j£0-«g{i*-:^-r -f ^-i/ • J^ y H 1 6 OfctSML. S?« 

HISS 1 0 0(7)^0$:^^, C:<Ot?«^St«t;KXEL 
K^mEi:«»l**^llIKl 0 Otc J: O^Sii 
^?!t|IIS&l 0 Oiifi. g?M$tt/^l»#ISll 15- 

1. i35tiXxj^iAo-ix'h^.—'&<n-mn&t-m 

«b£*WIhIS§1 5 5-C'iWI$*i.|.cO$:l?&#\ ESD^ 
E O s i I, - 'J^mAm^zfiz. a . 

room ^f*^yr±tcMJi$^/>r i c^hik 
1 0 o*i2iE5iB^tcj: os^^ixs. I cmmms&i o o 

9Mf,zWm.^1xhmm\\S-l, 14 0-l<OJ:d 

sc«Srm#. ^w^-/ri 03±.\,zi cmmri^ 
mm-h*fr4Tmmk\3Sifinm^ttx\^h, ^</> 

i ^tc. I CK^3^;l^*<iii^{!fc^.yr 1 0 5±i,zmm. 

^ti^. m±izmm.^titzm$mtmmcr>^T^Tm 

mmii I CJnXtcJ: O^^ffr^-yTl 0 5±izmk^tL 
tTV^S. ^^HISSl 0 Oti. S«l 0 5i:^«cSl 

0, 1 3 0{Cffl*ni.g|^3ri 2 5- l$-^tf. 12 
0. 1 3 0<?DJ:p^^^«w«ti^«3Tl 2 5-l€rffl 
$iJ>tc«S?^?mi 15-1, '^T-(TW^13 

5 , i> j:i/±gBis^ 14 0-1 ^-^tsmm^izmtti 
0^0. i^nr 1 2 5-1, m^ar 125-1 



^Wtsm^i^m («1 2 0i3j:t/^l 30) , -e^t^rHtf 
(^^Vl 1 5-1 . 1 3 5fcJ;t/l 4 0- 1 ) 
*^^#iniSSl OOi&JgjSL-CV^i,, i^^ESSl 0 0(i:, 
1 0 5 k^i^m 1 1 0 Sr-^tf^*^ 'yy'±lzm 
^^tiX\>^6. 

[00 1 21 lai 2i±. wmm$]si^i 0 ot/i$ (oiz^ 

l^gPHSSl 5 5tC^M$n, *»0|*lg|5|IISS**»mSvS!cm 

(ESD) tfzi±m^7^m:b (EOS) {Ci-?T««$ 
iX-g.cO^[*iht-S^c4^tC^#:^-yTl 0 5±tCii;^$ 
ir-t.-iO-T^-f • VN-./ H 1 60l,zmm^tlfz. *%BB 
<0»tU^IIJfim^-r. 01^:v^L012«*^>:. I 

cm3^n^fmi-^:itizx-oxmmi 0 5±izm^ 
m^m^ 100 ^ ssis-r § ^r^sr gH*-r s . ^ 

li. (a) «a<^lSgP^^ 1 1 5 - 1 1 , «jgtiO±a5iS 

»iii 2 5 - 1 1 , -mmitimMn ( hmsm) x-mm 
^ixfc^aTi2ot^^ts3mnm^mmio5± 
izm^u-^iS'-yitL. m$^Ti20i3i. ±mmm 
1 1 5-it3Xx/^mmmi 2 5-it^hf^^ti. 
i)--:>±s^mmm 115-1 t&s^mmm 1 2 5 - 1 
m^zm^^ii^^'r-yyt. (w ^±ummBi 1 5- 
1 ^nii^i>mmmnL 125-1 t , mmiz 
mmm^trmm^'^mm^T 1 2 of^x-mmm^t:^ 
•ttmm^Ti2o^mtsm^'^ib^ti^mmi^t:m^ 

rt$r-^tf. if^ Lv^HJfe^JT-tt, »«i^^lI]Kl 0 0 
2r«jt-rS H?^c7):6«{CtSt>-C 3il«3tSrJg^UN-^'- 
Wb-rsXT^-yrCa) i:S!^^SS:m-r?.^x-yr 
(b) ICSitXg^ffifflL, -?-nicJ:-pT««lIlK 

1 0 o<j, f^i Mmttzti-^ti&.T<om^x'mt^ti 

[00 131 013~017{i, K?l«5I»2 0 0 5rIC 
f--yr±tC^-rSSil<^»3tX^5r^-r. lai 3{i:I C 

f - >y r*>'>- u 3 J; d ^4i^{*j-c35 ■& a« 2 0 5 
mm2 0 5cr>±^mmi,zmm^ixh. s-oic «««2 

1 5*JiSa-fl:^imWJ12 1 0<7)±mzSM^ixh. Z 
<S5^««2 1 5(i$4>tcx.yf->'^oJ:a^ricjniS 
PgTVN-^-Wb^iX, Jitgpf^^|g2 15-1 $rjgjs-r 

s . la 1 4 {ijg^i^iS2 15-1 o^aeasr^-r. 11 
1 5{i, mcr>mmmmtmm2 2 0i}^^mmm2 1 

5-l<0±|»Ciea$fL4<?)$:*LTV^S. ^CO^U 
r 2 2 5 A«i«JK-ffc«^««« 2 2 0 ^•KV^T}»«$i^, 

^ix^ixff)^u nmmmnx'^rz^ti. &^^m2 
1 5 - 1 1 mmt^ . ^fiemmm 230 

?t«2 2 0cO±lc?^«Sn, $^>{CVN-^'->"fl:SfxT. 
mi<^±^mm.2 3 0-1 $r?^«L, 0 1 eic^-Tii 
•5-'^Mr2 2 5^:«^W{^ig^$^^S. ^^j^cMcO^ 

•ffc^^^Ji 2 3 5 tf^±s^mmm 230-1 ±tcEs$ 
ix, p^iHis&2ootiai nz^-tm'o^-th. m$ 

lHlB2 0 0(iSgPi^Mt2 1 5- 1, ^^r-frSg^2 



(6> 
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2 5, i5xx/±^mm2 3 0-i^^t£mmmt:^ 
I. nm-immtm2 lo, 220. 235 sr-^t^itiK 

[0 0 14] dcoioic, mi7i,mmi^^-/y'±i,zm 
m^ixtz I cM^msssr^f I ci^^igfisti. m 

210. 220. 2 3 5^-^trsaaMk^j0C«« (HMS 

M) x-mm.^titimm^Timi^. mm^mi-^t^ 

«{2 1 5 - 1 i:±aJp3m2 3 0 - 1 Srffi^-^ij-fr/:: t 

c7)T'S>s. ^^j±. ^<r>mmzmmm^i^mm^-^m 

m::iT[HX'mm^i:mm-?>t:libl,zmm^T<7ii5.<l,z 

xici--yy±. ■t^j:h-hmm2 0 5±izmk^ti^, 
icmmxn^i^m-r^zkizXK). HiTtc^tTtp 
m^Tujiv^mmmii., vi^snmiz^-^xm^^ti 

I Cx^nM x±^^^^^^5<o^^3St;t*5> 1 >wmOT«o 
[0 0 1 5] HI 3=5rV^Liai 7(i. I C»JtXS$r<£ 

ffl-^-s itizX'>xmL2 0 5 ±iz»mmimj^ 200 

5rg3t-rs:Sr^tM*-r.s. c:tfO*a{i, (a) (i) la 

2 1 0 1 , (ii)j!i5arafl:^i*fWJi2 1 o±<r>mm(o 

,KgPiS^2 1 5-lfc, (iii) JKgPiS«^2 1 5 - 1 
(^^IjiTt'pmB 2 20b, (i v) (tJ^a 2 2 0±Olg^co 

±gpis^2 3 0 - 1 1 , (v) Mmimmmm ( h m s 

M) •CfliJS§fiy::^3r«2 3 5i:, Sr-f-tf 5«<tJ§ 
€r»« 2 0 5 ±l,zm& U ^9 -yitL, iSBI^^n TJf 
2 1 0fcJ:lXi£a5|^riTJ12 3 O^r/ijt^tc^'Sa 2 2 

03&«. ±a{^s»s2 1 5-ii3Xx/^mmi2 3o- 
i^-(>m^^tihxy'-yrb. (b) :g.±ia5i^^^23 
0 - 1 iM^-th^m^m 2 15-1 izmmv. 
mzmm^t:mm^-^mi^rm2 1 otjj:t<2 3 5 

mm^Tm2 1 0JDj;t/Kgp^^r7T«2 3 5tc#^it 

r ( a ) t . mm^m 2 5 ^ j^sg-^sxT^-y r ( b ) 

»2 0 0{J, *«>1 //mSyt:(i-5-<U:iT<Ol8«iT'igit$iX 

r ( a ) li, mai^iHi8S2 0 0 ^m^-t^fzif)iz. « 

K^b^^^ (HMSM) ^ffiffl^SC:i:tCj:o-Ctfra 

m^m^-t^x^-y~rx'$>?>, »t Lv^fejconMCTT- 
es-m-rs^T-'/r (a) (i. ^i5iffi2oo^sji 



fiM-ri> (C i -p T « S-Jg^-r •!> X 7" y 7-c-*> s . 

[ 0 0 1 6 ] s 1 8ii:^^m<on^ L\>^smmmx'h 

2o<o^iiis&i&-§-tf. 9msmmi^3 1 ofc^as 
t^^mss 3 6 0 {±, *^Bj-e^ t/^mss-f ijffl tr j^bs 
$<x-cv^i.. i'hgiJ^iiis83 1 oii±mm±izm^^tL 

fz 1 «<^)±a5i^^3 1 5 i:iga5Ji±l'?gfi!t;^tl^ 1 ffl 

iOj!S^i^^^3 2 5 S:^tf. ±gP^^3 1 5 tJggP^ 

^325 {i±g|5Ji i: mmmm(7)m'S?:M< 'Tr^rm 

tm3 2oxim^tix\>^^. mm^z, ff^ummmm 
6 oi>i*^^<o±^m±^zmm^tLi:i 1 ffl<o±a5^g«i3 
6 5 bfH^<^m^m±izmm^titz^^mmwi3 ? 5Sr 
-s-i^, m-rs i«iortgc>yr-f rgfMS3 7 o*w 

OiMS^iK 3 6 5 i: l*lSI5iOJ!Sa5iS?93K 3 7 5 L 

h^^mizh^ij^b'oMi. I Cj$»?A>'3«^$:l5ffl 
f 4Sfirffi^JSBffl-rSMcJ:S. HI 9»i. |*|gi5 

i5Xz/^mmm^m3 e o 1 3 1 oodifffiiisr^-r. 
3Jis$ff^o«fflicj; 0 2-:)<7)mmmm(om^miimtyi(. 

¥ffl-C':t->'<-7-yrLTV^S<. H2 0a, 4 
islfflfcJ: 0 2o<^^IlI»<^)^e*sM^:-5:t7kTiBfc 
S)-l.|*ia5io cttX?l-gl5M^lHlSS3 6 0 i: 3 1 OcOfflBfSIl 

02 l{±*^HJcoSiJ«||MmiS9«lllr0-C3i 
S. J:J:'C<i3-:)<o^^[5i6!S, 0 locoil^^lsi 
SS3 1 0 20£7)rt^i^^iHigg3 6 0 1 3 8 0 A>'*|%hH 
<0^-r4SICS8taifi$r15OTLTJg«$tiTV^I,. 0 
1 8-02 0iZ7ik^tiX^^h9hUsmm^3 1 Oi: 1*135 

mmm^3eoiiXT/3 8oii. ic^'yr±i,zryr- 
h. 

[OO17]022fc02 3<i2|s:^J{^Sl|£7)||Sfi01J^^ 
■r. i^T'ti, iS^llIfS4 0 0(i:«Sc<7)^Sr7^;U$-S 
^L. IC^-yrcOM^-5it7K^®±-C'J^^Sil-CC^ 

^rJ-f;U4 1 0. 4 2 0, 4 3 Oti:C:ft4><0^k¥ 
ffirac7)15!)©&K<4 4 0-1. 4 4 0-2i7)J:d^1g^ 
cO'^r^TWm.X'mm^ti. Sit^f^llISS4 0 0** 
m^^tiX\^h, 02 2i:02 3fcr^^jlO, S^-ojt 

:^^mi,ziii>'ri>^ix^ti(r)mm^^ )VA i o . 4 2 otj 
j:tX4 3 0iim^'otzm'mmcr>z3^/i-x\ m^izmt 
xm^j:^tzm^<o^m.mi:^-t^. mm.cr)^mm 
4 0 oi±m&x^^tii>-( yii^^9yx<^^kmi 
iz^tx, m^nrtLx^mtmmm^mmLxii 

L^<XtX\\ 

[00 18] i^tiZ^ m2 2tm2 3i,Zti:^^MiZtH1- 
SSlI^7)||SgCT*<^^i^•C^^i.. i^^[l]JS4 0 0Ji^«s 

^•yr±iz^^A-iLX^ixx\>^i>. mmmmAooui. 
mmc7)mm-:i^)U4io. 420. 4 3 0*>'^i*t, 
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I Title of Invention 



STRUCTURE AND FABRICATION PROCESS 
OF INDUCTORS ON SEVHCONDUCTOR GUP 

2 Claims 

CLAIMS 



( dainu 



•L An integrated-circuii: OQ inductive dicuit Tabricated on a. 
sexnicoiuluctDr chip oompdsi^g : 

an Inductive line lonn^ by cxnmectiiig a plurality ol 
caikductfve iiocs disposed on ssverai layers in said 
semiconductor chip by utflizin^ a plurality of via- 
connecting lines penetrating between said several laycis 
in £;aid semiconductor chip thus fbiming an IC inductive 
coH in said sexniconduA)!' <dup; and 

said inductive line disposed on several layers and said 
plurality of via^ccmnecting lines are labricatRd by IC 
processes on said semiconducinr chip. 

2. Tha IC inductive circuit of daim 1 fiuiher comprises : 

an inductive core composed ol high magnetic susceptibk 
material (HMSM); and 

said IC inductive coil is disposed near said Inductive core 
for conducting an indttctive electric current tiieiein for 
generating an inductive magnetic fiidd in said inductive 
cor& 

The integrated inductive circnil of claim 2 wliereiiu 

said inductive core and said IC indnctive coll as fabricated 
by said IC processes are o£ a linewidth approximately one 
odcron or less* 
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1. The mtegrated inductive dixuit of daim 1 wherein: 

said IC inductive coil as being dispo^;ed near said 
inductive core is disposed inside o£ said inducdve core* 

5. The integrated inductive circuit of daini 1 wherein: 

said IC inducdve coil as being disrxised near said 
inductive core is disposed outside of said inductive core. 

6. The integrated inductive circuit of daim 4 wherein: 

said T.C inducdve coil as being disjiosed inside of said 
inducdve core indudes a pluraliiy of bottom-inductive 
lines dbposed on a bottom surface of an intermediate 
layer inside said inductive core, and a plwalily of Lop- 
inductive lines disposed on the top f;uribce of said 
intermediaiB layer; and 

said plurality of via-connecting lines further penetrating 
said intermediate layer for connecting said bottom- 
inducdve lines and said top-inducdve lines forming said 
inductive line surrounding said intermediate layer. 

7. The integrated inductive drcuit of daim 5 wherein: 

said intermediate layer inside said inductive core 
surrounded by said inducdve line is an HMSM layer. 

8. The integrated inductive drcuit of daim 6 wherein: 

said inductive core and said intermediate layer 
surroimded by said IC ■nductive coil are both composed of 
non-conductive HMSNL 
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5. The integrated inductive drciiit of claim / wherdn: 

said inductive core and said mtermediate layer 
suxtoimded by said IC inductive coU are both composed of 
conductive HMSM; and 

said inductive core and said intermediate layer botti are 
insulated from said IC inductive coiL 

10. The integrated inductive circuit of daim 5 wheirein: 

said IC inductive coU as being disposed outside of said 
inductive core includes a pluraliiy of bottom-inductive 
lines disposed on a bottom surface of an HMSM layw 
&>rming said inductive core, and a plurality of top- 
Inductive lines disposed on tiie top surface of said HMSM 
layer; and 

said plurality of viarconnecting lines furtiier penetrafir^ 
said HMSM layer for connecting said bottom-inductivB 
lines and said top-inductive liines lOrming said IC 
inductive ooU surrounding said HMSM layer farming said 
inductive core. 

H, The integrated inductive drcuit of daim 10 wherein: 

said Inductive L-ore surrounded by said IC inductive cott is 
composed of a non-conductive HMSM. 

12. The integrated inductive drcuit o? daim 10 wherein: 

said inductive core surrounded by said IC inductive coil is 
composed of a conductive HMSM; and 
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said inductive core Is insulated frcm said IC inductive 
coiL 

13. The integrated inductive drcnit of claim 12 wherein: 

said inductive core hirtlier includes an insuladon layer 
disposed on said top surface and said *)ottain surfoce for 
insulatix^ said core £rom said bottom-inductive lines and 
said tpp-inductivc lines. 

14, An integrated circuil flC) inductive circuit fabricated on a 
semiconductor chip comprising : 

an inductive coire composed of high magnetic susceptible 
material (HMSM); 

at leasi an IC inductive coil disposed inside of &aid 
inductive core few conducJlng an inductive electric current 
therein for generating an inducdve nuignetic field in said 
ixuluctive core; 

said IC inductive coil fortiier including a plurality of 
bottom-inductive lines disposed on a bottom surface of an 
intermediate layer inside said inductive core^ and a 
plurality of tpp-indudive lines disposed on the top surface 
of said intermediate layer; 

said IC inducdve cml further includes a plurality of via- 
cdhnecting lines penetrating said intermediate layer fin* 
connecting said bottom-inductive lines and said top- 
inductive lines forming said inductive line surrotmding 
said intermediate layen 
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said inductive core, said inteimediate \styti in^de said 
Inductive core suxrciunded by said IC inductive coil, and 
said IC inductive coil being arranged such that an electric 
current being pievenled from transmitted in said 
inductive core and said intetmediaie layer; and 

said inductive core and said IC Inductive coil being 
^ticatcd by IC processes on said IC chip each having a 
linewidth of approodmatsly one micron oar less. 

15. An mtegrated circuit (IC) inductive circuit fabricated on a 
seimconductor chip comprising : 

an inductive core composed of high magnetic suscepdble 
material (HMSM); 

at least an IC inductive coa line disposed outside of said 
inductive onie for conducting an iiiductive electric current 
therein for generatizig an inductive magnetic firfd in said 
inductive core; 

said IC inductive coil furdier induding a pliurality of 
Iwttom-inductive Hnes disposed on a bottom surface of an 
HMSM layer forming said inductive core, and a plurality 
of top-inductive Hnes disposed on the top surface of said 
HMSM layei; and 

said IC inductive coil further includes a plurality of via- 
connecting lines penetrating said HMSM layer for 
connecting said bottom-inductive lines and said top- 
inductive lines forming said IC induciivs coil 
stirrounding said HMSM layer forming ^d inductive 
core; 
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said inductive core smrounded by said IC inductive coH, 
and said IC inducdve crfl being arranged sudi fliat an 
electric current being prevented from transmitted in said 
inducdve core; and 

said inducdve ccHre and said IC inductive coil being 
fabricated by IC processes on said IC dup each having a 
linewidth of approximately one micron or less. 

16. The integrated inducdve circuit of claim 15 \^ercin: 

said induciive core further is composed of a conducdve 
HMSM and includes an insnlaiion layer dispc^ed on said 
top surface and said bottom surface for insulatixig said core 
from said bottom-inductive lines aiui said top-inductive 
lines. 

17, The integrated inductive circuit of daini 1 wherein: 

said Inductive ccnl farther is connected to an internal 
circuit and a bonding pad disposed on said semiconductor 
chip for protecfing said internal circuit from t>eing 
damaged by electric static discharge (^SD) or electric over 
stress (EOS). 

la An intcgratfid-drcuit (IQ inductive circuit fabricated on a 
semiconductor chip comprisii^ : 

a plurality of inductive coils eadi foimed on a separate 
horizantal ^ane in said semiconductor chip; 

a plurality of via-connecting lines each penetrating 
between said horizontal planes for connectii^ two of said 
inductive coils dius forming an combined IC inductive 
coil in said semicmductor chip; and 
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said inducthre coils disposed on several horizontal planes 
and said pluraUly of via-connecSng lines are fabricated by 
IC processes in said sesxiieonductDr ciup. 

19. A method for tabricaJing an integrated mduc'dve drcuit 
on a substrate by employing IC fabrication processes c<»nprising the 
steps ot 

(a) forming and patterning a fliree layer structure on said 
subsbrate including a pluraUty of bottom inductive lines, a 
pluraHry of top inductive lines and an inductive core 
composed of high magnetic susceptible material (HMSM), 
said inducUve core being tasuUted, from and formed 
between said top-hiducthre and said bottom inducthre 
lines; and 

(b) fomung a phiraUty of connecting means through said 
inductive cote for connecting eadi of said top hiductive 
lines to a coaesponding bottom inductive line forming a 
combined IC inductive coU surrounding said hiductive 
core for conducting an hiductive electric current flierein 
for generating an uiductive magnetic fidd in said 
inductive core. 

20. The mettiod for fabricating said integrated mductive 
circuit of daim 19 wherein: 

said step (a) for forming and patterning said three layer 
structure and said step (b) of teaming said connectii^ 
means utilizuig said IC fabrication processes whereby said 
integrated inductive circuit is fabricated with a linewidtii 
of approximately one micron or less. 
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21. A method for jfebri<aai« an integrated toduciive circuit 
on a substrate by employing IC fabrication processes comprising tiie 

steps of: forming and patterning a five layer siructme on said 

substrate including (i) a bottom, inductive core layer 
composed of a high magnetic susceptible material 
GiMSM), (u) a plurality of bottom inductive lines on said 
bottom HMSM layer, (iii) an intermediate laycar above said 
bottom inductive lines, (iv) a plurality of top inductive 
lines on said dielectric layer, and (v) an induciive core 
layer composed of high magnetic susceptible material 
(HMSM), said Sop and bottom inductive core layers and 
said iniermediale layer being insulated from said top- 
inductivs and said bottom inductive lines; and 

(b) forming a plurality of connecting means through said 
intermediate layer for connecting each of said top 
inducdve lines to a corresponding bottom inductive line 
forming a combined IC inducdve coil inside a volume 
contained in said top and bottom Uiductive core layers for 
conducting an induciive electric current therein for 
generating an inductive magnetic field in said inductive 
corje layers. 



22. The method for fabricating said IC induciive circuit of 
daim 21 wherein: 

said step (a) for forming and pattea>iag said five layer 
structure and said step (b) of forming said connecting 
means utilizing said IC fabrication processes whereby said 
integrated inductive circuit is fabricated with a linewidth 
of approximately one micron or leK. 
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23. The mefliod for fabxicaling said integrated inductive 
circuit (rf claim 20 wherein: 

said step (a) foi- f onning said intermediate layer is a step of 
forming said intermediate layer by using a Mgli magnetic 
suscepdbie mau>zial (HMSM). 

24. Ttuj method for fabricating said integrated inductive 
circuit of daim 20 wheireiiu 

said step (a) for forming said lop and bottom inductive 
core laycis and said intermediate layer is a step of forming 
said layers by using materials composed of non- 
conductive high magnetic susceptible materials. 
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3 Detailed Description of Invention 



aA^vt^pn^nsn ^ OF THE tmvb^ON 

1. Field of the favention 

This inveiiticm lelales gcneraUy to tho stractiire and fabrication 
process of the integrated drcuits QC^). Mote particulariy, tids 
invention relates to the structuie and fabrication process of 
implemendng tiie induciivc dxcnits as part of tfie Intcsrated circuits 
(ICS) which have lins-width in ttie range of a mlcion or sub-mircons 
6uch the tiie inductive circuit can be fuUy integrated and be regularly 
en^loyed as an IC drcuit element. 

Z Pescriptioi ^ 9t rtve Prior Art 

Even though the eledxoitic circuits are continuously being 
miniaturiied Arough the progress made in tiie very large system 
integration (VLSI) and ttie ultra-large system integradon CULS^ 
febrication technology, Ae integrated drcuit OQ technology is yet 
Mmited by a great difficulty tiiat tiie inductive circuits are saU not 

suitable for IC implementation. This difficulty arises due to the fact 
tiiat ttie IC fabrication techniques are mostiy layer-oriented' w*ich 
typically involve processes whidh are aprdied to multiple horizontal 
surfaces in a sequential fashion. However, the inductive circuit has a 
•non-planar* configuration which typically has a continuous spiral 
shape. This particular non-planar configuradon thus prevents tiie IC 
fabrication process to integrate die inductive circuits as part of the IC 
devices. 

This technical difficulty severely limits die application scope of 
ti\e IC technology. The inductive circuits are broadly used in various 
filters, oscillators, resonators, iransformers, and many other control 
circuits for applications in commiuiication signal generation and 
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processing, ene(^ storage, and electric static discharge (ESD) or electric 
over stress (EOS) protections. IWs lijnitation of not able to integrate 
flie inductive drcuit on an IC chip greafly hinders the technical 
progress in these fields. As will be discussed below, the traditional 
design and fabrication techniques for devices involve inducUve drcuiis 
are still being applied without much progress for many decades. Such a 
difficult further prav«»ts all the devices which incorpojrate inductivs 
circuits from being benefited from the IC fabrication technology. Thus 
the devices which requires the use of inductive circuits all tends to 
have large volume and more costly compared to ttie IC fabricated 
devices due to the facts that they cannot be miniaturized and mass- 
produced by flie use of the highly precise and efficient IC fabrication 
tEchn(d.ogy. 

In U.S. Patent 4,783,646 endtlcd 'Stolen Artide Det<rction Tag 
Sheet and Method for Manufacturing the Same' (issued on November 
8, 1988), Matsuzald discloses a stolen ardde detection tag sheet The tag 
sheet includes a transmitttng antenna section, a receiving antenna 
section and an inductor section connected in series between the 
receiving and ttic transmitting antrauia section. The tag sheet further 
inchtdes a semi-conductor diode chip havii^ a semiconductor 
substrate mounted on and electrically connected to a first portion of the 
inductor section and a SchoHlcy barrier electrode formed on top of the 
substrate. The tag sheet further includes a second conductive pattern 
which is formed in contact wifli the conductive member of the 
Schttoky barrier electrode. The sejniconductor chip diode and tiic 
inductor section are connected m paiallel to each other to constitute an 
LC resonator axid die frequency of the resonator is determined by the 
parasitic capacitance of the diode and the inductance which Is 2.4 nH in 
this particular tag sheet. 

Ma^zusaki discloses a method to implement an LC. resonating 
circuit on a print circuit (PC) board. However, as Matzusald's 
technique discloses a configuration io fabricate an LC drcuit, wherein 
inductance is generated together vnth a parasitic capadtance by 
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ooxinecting a conductive line in i«:aUel with the electrode of a diode, it 
does not teach a method to fabricate an inductor alone on the 
integrated circuit (IQ chipai. Furthermore, sfaxce the size of the 
resonator as disclosed by MatzusakI is In the range of few himdred 
microns {\im), the techiuque and device conflguration disch^sed by 
Matzusaki are not applicable fox fabcicaaon of IC devices witii line 
width of few fnicron» or in the sub-micron range. 

In anotJier U.S. Patent 4,841,253 entitled 'Multtple spiral 
liulnctors far DC Biasing of An Amplifier' (issued on June 30, 1989), 
CrabiU discloses a monolithic semiconductor having an on-chip DC 
biasing which includes a plurality of series connected spiral indui^ors 
connected between respective biasing and the semi-conductar dioiit 
As shown in Figs- h 2 and 3, tlie inductive means as claimed in Ais 
Patent, including these spiral inducloi-s are external aff'Chip 
components. These type of inductive circuiis^ due to tiie particular 
configuration of expanding as a spiral on a horizontal plane^ lend to 
occupy large IC chip areas and therefore noi siutable for compact IC 
integration especially for very large scale integration (VLSI). 
Furfhermore, since the plane configuratioiv the inductance which can 
be provided by this flat spiral mductor is very limited. The application 
of the conductors as disclosed and used in Crabill's invention is 
titieref ore qidte limited. 

Other than tlie spiral inductors as discussed above/ the state of 
tfic art in utilizing an inductive circuit in various devices can be 
illustrated by referendng to the U3. Patent 4^800,32r eniitfed Single 
Ended Self-Oscillating DC-DC Converter for Intemuttently Energized 
Load Having Vbe Responsive Current Limit drcttif G^^ued on 
January 24, 1989) by Silcora, or another U.S. Patent 4^45,580 entitled 
•AC I>C Spike Eliminating Bandpass Filter' (issued on Jidy 4^ 1989) by 
Kitchen. The inductive circuits as disclosed in these PSatenls are still 
introduced as vwre winding circuit components. These inductive 
circuits obviously cannot be implemented on an IC cbxp as part of an iC 
device. 

12- 
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Theteiore, Acre is stiU a need in the art of IC device fabrication, 
particularly fox the electronic devices which require the use of the 
inductive circuits, to provide a structure and fabrication process thai 
would re:»olve these limilations. 

SUMMARY OF THE PP Fj^FTsfT Ds?VENnON 

It is therefore an object of the present invendon lo provide a 
structure and fabrication process of an inducttve circuit on an IC chip to 
overcome Ae aforementionod difiBculties encountered in the prior art 

Specifically, it is an object of tiic present invention to provide an 
IC structure and fabrication process such that an inductive circuit can 
be integrated Oieteon. 

Arrother object of the pi-esent invention is to provide an IC 
structure and fabrication method to integrate an inductive circuit as 
part of the IC device ^ch thai ttie dimensions of thR inductive device 
can be reduced to a range comparable to the VLSI or ULSI line-widths. 

Anothe? object of the present invention is to provide an IC 
structure and fabrication method to integrate an inductive circuit as 
part of the IC device such tihat the electrical devices which incorporate 
the inductive circuits can be miniaturiced and mass produced by the 
use of IC fatnicadon processes. 

Another object of the present invention is to provide an IC 
structure and fabrication method to integrate an inductive circuit as 
part of the IC device such that the fabrication quality of the electrical 
devices which incorporate the inductive circuits can be improved by 
die use of IC fabrication processes. 

Another object of the present invention is to provide an IC 
structure and fabrication method to integrate an inductive circuit as 
part of the IC device whereby (he performance levels such as the speed, 

i3 
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ihe predsicm of control or otiKcf operational characteristics of the 
dcctiical devices which incorporate the inductive drcidts can be 
improved because of the better design and higher fabrication quality 
provided hy the IC technology. 

Bdefly, in a preferred embodiment^ the present invention 
comprises an inductor circuit The inductive circuit is fabricated on a 
semiconductor chip including a subsitrate layer and a dieletric layer. 
The inductive circuit includes an inductive core composed of high 
magnetic susceptible matedal (HMSM) suiTOunded by an dielectric 
layer. The dielectric layer which surrounds the inductor core is further 
surrounded by a ccHiductive line which includes the bottom 
conductive lines the conductive lines in tlie *vias* through the 
surrounding dielectric layer and the top conductive lines* The 
conductive lines are patterned by employing IC fabrication processes. 
Thus the inductive core, the dielectric layer surrounding the inductive 
core, and the surrounding conductive line form an inductive circuit 
and the inductive circuit is formed on the semi-conductor chip which 
includes the substrate a layer and a dieletric layer. 

These and other objects and advantages of Oie present invention 
will no doubt become obvious to those of ordinary skill in the art after 
having read the following detailed description of the preferred 
eoibodiment which is illustrated in ihe various drawing figures. 
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DETAILED DESCRIPnON OF TliE PREFERRED EMBODIMENT 

Figs. lA to IG show the processing steps for fabiicating an IC 
inductive circuit 100. Fig. lA shows a substrate 105 which supports a 
dielectric layer ItO on the top surface of the substrate ICS. A conductive 
layer llf> is deposited on die top of the dielectric layer 110. The 
conductive layer 115 is then patterned to form the bottom conductive 
lines 115-1 by a process of etching or other IC processing steps, e.g., by 
the use of a photo-liihography technique. Hg. IB shows a top view of 
the pattemed bottom conductive lines 115-1 on top of the dielectric 
layer 110. Fig. IC shows a second dielectric layer 120 is formed cm top of 
the bottom conductive lines 115-1. A liigh magnetic susceptible 
material (HMSM) layer 125 is then deposited on top of Uie dielectric 
layer 120. The J-IN^M layer 125 is Assxl etched to form an Inductor core 
125-1. Hg. ID shows the next step of depositing another layer of 
dielectric layer 130 on top of the inductor core 125-1. A plurality of 
Vias' 135 , i.e., small pin holes 135, are formed through the dielectric 
layers as that shown in Fig. IE wherein each 'via' is filled with a 
coiiducth/e material to be in electric contact with the bottom 
conductive lines 115-1 as that shown in Fig. IE. Fig. IF shows that 
another layer of conductive layer 140 is formed on top of the dielectric 
layer 130 and the conductive layer 140 is further etched and patterned 
to form the top conductive lines 140>1 as that shown in Fig. IG wherein 
each of the top conducti\re lines connecting two vias thus forming a 
drctut surrounding the HMSM inductor core 125-1. Another layer of 
dielectric layer 150 is then formed on top of the top conductive lines 
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140-1 to to form a passivation and insulation layer 150 f Oi: protecting 
iihe eniire inductor circuit 100. 

In order to more clearly show the configuraiioii of tiie inductive 
circuit 100, tigs. II, ir^ and IJ sliow the top views aiid a perspective side 
view of the inductive line formed by connecting the bottom inductive 
lines 115-1 and ttie top inducdve lines 140-1 by the use of the via- 
connecting lines 135, Fig. ir shows the inductive circuit 100 including 
the inducdve core 125-1 whUe Rg. II shows tiie inductive circuit 100 
without the inductive core. This three-dimensional multi-planar 
configuration of titie conductive line employed for the forma'don of the 
inductive circuit 100 flius provides an IC circuit desigxier a technique to 
circumvents the limitation of the traditional layer-oriented IC design 
concept 

Fig. IK shows a perspective view of the inducdve circuit 100 
used for liSD protection wherein one end of the conductive line is 
com\eci:ed to the internal circuitry 155 whUe the other end is connected 
to a bonding pad 160 to allow discharge of the excessive current 
generated due to static disdiarge. In response to static dischaige, an 
inductive voltage and current is generated by the inductive circuit 100^ 
Le.,the connected inductive lines 115-1, 135, and 140-1^ which can 
prevent iostant high voltage and current to be discharged in the 
internal drcuitiy 155 whereby damages caused by either ESD or EOS can 
be minimized. 

An integrated-drcuit (IQ inductive circuit 100 fabricated on a 
semiconductor chip 105 is disclosed in the present invention. The IC 
inductive drcuii: 100 comprises an inductive line formed by connecting 
a plurality of conductive lines, e.g., conductive lines 115-1 and 140-1^ 
vjbidx are disposed on several layers, e.g., the top surface layer and the 
bottom surface layer, in the semiconductor diip by utilizing a pltu'ality 
ot via-connecting lines 135 penetrating between the several layers in 
the semiconductor chip 105 thus forming an IC inductive coil in the 
semiconductor chip 105. The inductive line disposed on several layers 
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and the plurality of via-connecting lines are fabricated by IC processes 
on ttie semiconductor chip 105* 

Fig* IH thus shows a preferred embodiment of the present 
invention which comprises aii inductor circuit 100* The inductive 
drctut 100 is fabricated on a semiconductor chip including a substrate 
layer 105 and a dielotric layer ilO, The inductive circuit 100 includes an 
inductive cojcc 125-1 composed of liigh magncdc susceptible mateiial 
(HMS^Q surrounded by an dielectric la3rer including fhe dielectric 
layers 120 and 130. The dielectric layer, Le., layers 120 and 130, 
surrovmdiiig the inductor core 125-1 is further sturounded by a 
conductive line which includes the bottom conductive lines 115-1, the 
conductive lines in ttie Vias' 135, and the top conductive lines 140-1. 
The conductive lines arc patterned by employing IC feibdcation 
processes. Thus tlie inductive core 125-1, the dielectric layer payers 120 
and 130) surrounding the inductive core 125-1, and the surrounding 
conductive line ( lines 115-1, 135, and 140) form an inductive drcuit 
100. The inductive circuit 100 is formed on the semi-conductor chip 
which includes the substrate layer 105 and the dieletric layer 110. 

Hg. IK also shows a preferred embodiment of ttie present 
invention wherein the inductive coil of the integrated inductive 
circuit 100 is further cotmeded to an internal circidt 155 and a bonding 
pad 160 disposed o^i ths semiconductor chip 105 for protecting ttie 
internal circuit 155 from being damaged by electric static dischax^ge 
(ESD) or electric over stress (EOS). 

Figs, t A to IK also discloses a method for fabricating an 
integrated induclive circuit 100 on a substrate 105 by eniploying IC 
fabrication processes comprising the steps of: (a) forming and 
patterning a three layer structure on the substrate 105 including a 
plurality of bottom inductive lines 115-1, a plurality of top inductive 
lines 125-1, and an inductive core 120 composed of high magnetic 
susceptible material (HMSM), the inductive core 120 being insulated 
from and formed between the top-inductive and the bottom inductive 
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lines 115-1 and 125-1; and (b) lonning a plurality of cannectiiig means 
135 through inductwe core for connecting each of the top inductive 
liixes 115-1 to a corresixjnding bottom inductive line 125-1 forming a 
ccHnbined inducUvc line surrounding the inductive core for 
conducting an inducdve electric current therein for generating an 
inductive magnetic field in the inductive core 12€. In a preferred 
embodiment, the step (a) for farming and patterning the three layer 
structure and the step Cb) of forming tiie connecting means in the 
aforementioned method for fabricating the integrated inductive circuit 
100 utilize the IC fabrication processes whciieby the integrated inductive 
circuit 100 ifi fabricated with a linewidth of appfoximaiely oi^ micron 
or less. 

Figs. 2A to 2H show another sequence of processing slops for 
making an inductive drcuit 200 on an IC dup. Fig- 2A shows an IC 
chip Includes a substrate 205 which may be a semiconductor sudi as a 
sjOicom substrate, and a layer of high magnertc susceptible materia 210 
\/^idchis first deposited on the top surface of the substrate 205. A 
conductive layer 210 is then deposited on top of this HMSM layer 210. 
This ccoiducLlve layer 215 is then patterned by an IC processing step, 
such as etching to form a bottom portion of the inductor lines 215-1.. 
Fig. 2B shows tlte top viow of th^ buttom inducior lines 215-1. Fig. 2C 
shows another layer of high magnetic susceptible material 220 is 
dcpoated on top of the bottom inductor tines 215-1. A plurality of 
Vias* 225 are formed through the HMSM layei* 220 and each via is then 
jQlled with conductive material to conUct with tho bottom inductor 
luies 215-1- Anotiier layer of conductive layer 230 is formed on top of 
the HMSM layer 225 and then pattemed to farm plurality of top 
inductor lines 230-1 in electric contact with the vias as shown in Fig. 

Th<m another layer of layer 235 is deposited on top of the 

top inductor lines 230-1 to complete the structure of an inductor 200 as 
shown in Fig. 2£ which has the inductor lines induding the bottom 
indvtctor lines 215-1., the via indtictor lines 225, and ttie top inductor 
lines 230 surrounded by the HMSM layers including the HMSM layers 
210, 220, and 235. The precessing steps and the indtictor structure are 
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particularly useful for an iiiduclive core where a non-conductive high 
magnetic susceptible znatexial is used and very effective in generating 
high inductance in a vexy small volume where IC technology is used 
xor fabricating the inductiw drcuit on an IC chip* 

Fig. 2E thus disclose;^ an IC inductive drcuil which is fabricated 
on a semiconductor chip. The IC inductive circuit comprises an 
inductive core composed of high magnetic susceptible material 
(HM5M), including the layers 210^ 22Q, and 235. The inductive drcuit 
furtfaer has at least an inductive line, the inductive line combined by 
ihe bottom inductive lines 215-1 and the top inductive lines 230-1. The 
inductive line is disposed near the inductive core for conducting an 
inductive electric current therein for generating an inductive magnetic 
field in tiie inductive cote. The inductive core and the inductive line 
being fabricated by IC processes on tiie IC diip, L e^ on the substrate 205. 
By She use of IC fabrication processcsjr the inductive core and the 
inductive line as shown in Fig. 2E are of a linewidth approximately one 
micron or less which is suitable for integifated on an IC device 
fabricated by die VLSI tedutolcgy. 

F%s. 2A to 2E also disclose a method for fabricating an integrated 
inductive drcuit 200 on a substrate 205 by employing IC fabrication 
processes comprising the steps ot (a) forming and patterning a five 
layer sfruciure on the substrate 205 including (i) a l>ottom inductive 
coi*e layer 210 composed of a high magnetic susceptible material 
(HMSM), (ii) a plurality of bottom inductive lines 215-1 on the bottom 
HMSM layer 210, (iii) an intermediate layer 220 above the bottom 
inductive lines 215-1, (iv) a plurality of top inductive lines 230>1 on the 
intermediate layer 220, and (v) an inductive core layer 235 composed of 
high magnetic susceptible material (HMSM), the top and bottom 
inductive core layers 210 and 230 and tiie intermediate layer 220 being 
insulated from the top-inductive and the bottom inductive lines 215-1 
and 230-1; and (b) forming a pliuality of connecting means 225 through 
the intermediate layer 220 for connecting each of the top inductive 
lines 230-1 to a corresponding bottom inductive line 215-1 forming a 
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combined inductive line inside a volume contained in ihe top and 
botinm inductive core layers 210 and 235 for conducting an inductive 
electric current therein for generating an inductive magnetic field in 
tiie inductive core layei:^ 210 and 235. In a preferred embodiment^ the 
step (a) foi- forming and patterning the five layer structure and the step 
(b) of forming the connectizig means 225 utilizing the IC fabrication 
processes whereby the integrated inductive circuit 200 is fabricated with 
a linewidih of approximately one micron or less. In another preferred 
embodiment, the step (a) for fonmng the inietmcdlate layer is a step of 
forming the intermediate layei* by using a high magnedc susceptible 
material piKiSM) for fabricating flie Integrated inductive circuit 200. In 
anotiier preferred embodiment; the step (a) for forming die top and 
bottom inductive core layers and the intermediate layer is a step of 
fomung the layets by using materials composed of noU'-conductive 
high magnetic susceptible materials for fabricating the integrated 
inductive circuit 200. 

Hg. 3A shows another preferred embodiment of the present 
invention wherein two inductive drcuits^ i.e., an cute? inductive 
circuit 310 and aiid an inner inductive circuit 360 are formed by 
utilizing the techniques disclosed in the present inventioiL The outer 
inductive drcuit 310 includes a set of top-inductive lines 315 formed on 
a top layer and a set of bottom inductive lines 325 fonned on a bottom 
layer. The top-inductive lines 315 and the bottom inductive lines 325 
are connecLed by via-connecting lines 320 penctratiiig the material 
between the top layer and tiie bottom layer. Similarly^ the inner 
inductive circuit 360 abo includes a set of top inductive Unes 365 
formed on an inner top laycr^ a set of bottom inductive lines 375 
formed on an inner bottom layer, and a corresponding set of inner via- 
connecting lines 370 connecting the inner top inductive lines 36:> and 
the inner bottom-inductive lines 375. The inner bottom layer may be 
on the same or different horizontal plane as the outer bottom layer 
depending on the IC technology applied is a three-layer or a {muy-layer 
technology. Fig. 33 shows a side cross-sectional view of the inner and 
outer inductive circuits 360 and 310 where the bottom layers of these 
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two inductive circuits overlap cm tlie same horizontal plane by the use 
of a three-layer technology. Fig. 3C shows a side cross-sectianal view of 
the inner and outer inductive drcuits 360 and 310 where Ae bottom 
layers of these two inductive dicuils ai8 on two different horizontal 
planes by fee use of a four-layer technology. Hs- 3D shows the side 
Jxoss-sectional view of anoflier preferred embodiment of the present 
invention wherein ti»xeo inducUva drcults. La, an outer inductive 
dicuit 31.0 and two innet inductive circuits 360 and 380 are formed by 
uskig the techni<iues disclosed in this Invention employing a fom- layer 
IC fabricaHon technology. The outer inductive drcnit 310 and the 
inner Inductive dicuits 360 and 380 -as shown in I%s. 3A to 3C may be 
applied few a wida varieties of IC devices including the formation of 
voltage transftmneis, with anlenna-«v-IC-chip, and different filt»:r 
applications. 

Rgs. 4A and 4B shows another preferred embodimeiU of the 
present invention wherein an inductive circuit 400 is formed by 
connecting a pluraUQr of inductive coils formed on di^rent horizontal 
planes of an IC chip, i.a., inductive coils 410, 420 and 430, by a phoxaUty 
of viaKxmnecting lines, i-c., 440-t 440-2. etc penetrating the material 
between these hoiizcaital planes to form a vertical inductive cofl 40a 
As shown in Figs. 4A and 4B each of the inductive coils on different 
horizontal planes^ Le., 410, 420 and 430, may be a ccril of different shapes 
and configurations for generating an inductiv*' magnetic Celd of 
different magnitudes depending on the intended applications. The 
vertical inductive circuil 40O may be fonned witii or without the use of 
ttie HMSM as an inductive core depcndins; the applicatipn and the 
magnitude of tiic inductance required lo be gcine' ated by such circuits. 

Therefore, Hgs. 4A and 4B show another preferred embodiment 
of tiie present invention wherein an integrated-circult (IC) inductive 
dicuit 400 is fabricated <m a semiconductor dilp. The IC inductive 
circuit 400 indudes a pluralii^ of inductive coils, Le, coils 410, 420, 430, 
each formed on a separate horizontal plane in the semiconductor chip. 
The inductive circuit 400 further indudes a plurality of via-connecting 
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lines. Connecting lines 440-1 and 420-2; each penetrating between Oie 
horizontal planes for connecting two ol the inductive coils thus 
fonning an combined IC inductive coil in the semiconductor chip. H»e 
inductive coUs 410, 420, and 430 disposed on several horizontal planes 
and ttte plurality of via-oonnecti«g lines 440-1 and 440-2 are fabricated 
by IC processes in die semiconductor chip. The inducHva dicuits 400 as 
shown in Figs. 4A and 4B are vertical inductive coils. Similar 
inductive circuits can be formed in the horizontal direction as that 
shown in Fig. 4C. wherein indticiive coils, Le., 410', 420-, and 430* are 
(oimed in several vectieal planes. Each of these coils is formed by 
connectiiig several conductive lines in different horizontal planes by 
the use of via-connecting lines penetrating these horizontal planes. 
For example, the vertical inductive coU 410" is formed by connecting 
horizoatal conductive fines 410.H.1 Id 410.H-2 by via-cornacling line 
410-V-a, honrontal conductive line 410-H-2 to 410-H-3 by via- 
connecting Kne 410-V-2, and horizontal conductive line 410-H-3 to 410- 
H-4 by vU-connecting Une 410=^V-3. A combined inductive drcuifc 40a 
15 then formed by ccmiiecHng each of these vertical inductive colls 410', 
420' and 430' by horizontal conductive lines 440-1' and 440-2'. Unlike 
the verSioil inductive ciicuit 400 of Fig. 4B, this cbnibined horizontal 
inductive circuit 400' can be more flexibly extended in either directions 
without being limited by the difficulties often encountered in Ihe 
multiple layer IC processing technology- 

The present Invention therefore provides a structure and 
fabrication process of an inductive dicuit on aa IC chip which is able to 
overcome the difficulties encountered in the prior art Specifically, an 
integrated inductive circuit and fabrication process are taught such that 
the inductive circuit ran be integrated as an IC device since the 
dimensions of the inductive circuit can now be reduced to a range 
comparable to the VLSI or ULSI line-widths of approximately one 
micron or less. Therefore ihe inductive circuits can be miniaturized 
and mass produced by the use of IC fabrication processes such that tiie 
fabrication quaUtjr of the electrical devices which incorporate the 
inductive drctuis can be improved resulting from the use of IC 
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fabricaHon processes. Furthermore, die present invention also 
provides an IC structure and fabricadon mcfiiod to integrate an 
indudive drcuii: as part of the IC device whereby tfie performance 
levels such as the speedy the precision of control or other operational 
diaracterislics of the electiicai devices wliich incorpOTatc the inductive 
dicoils can be improved because of tiie better design and higher 
fiibrlcatioii quaEty provided by the IC technology. 

Although the present iiwcndon has bc«n described in terms of 
the presently preferred embodhnent; it is to be understood that sudi 
disclosure is not to be interpreted as liaiiting. Various alternations aiid 
modifications vrfll no doubt become apparent 1u those sWHed in the art 
after reading the above disclosure. Accordingly, it is intended Aat tite 
appended claims be interprsted as covering all alternations and 
modifications as fall wittiin the true spirit and scope of the inventioru 
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4 Brief Description of Drawings 



BRTFT? DGSCRIPnOhJ OF THE DRAWINGS 

Figs. lA to IK are a sequence Oif cross-soctional views, top views 
and partial perspective views showing the processing steps employed 
by the present invention for fabricating an inductive drcuif; 

Figs. 2A to 2£ are a sequence of cross-sectional views or top 
views showing tha processLig stops employed by frhe present invendoA 
for fabricating another inductive circuit; 

rig. 3A to 3D shows combinations of different Inductive circuits 
formed on muWplc horizontal planes on IC chip; and 

Hgs, 4A to 4C show the partial perspective views of the 
inductive circuits formed by connecting a pluraUty of horizontal or 
vertical coils on sweral hodzontal or vertical planes by using eidiier 
die via-connecting lines penetrating through sweral horizontal planes 
or horizontal connecting lines between several vertical planes. 
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Fig 2B 
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Fig 2E 
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I 



Abstract 



ABSTRACT 



This invention pimvldes a structure and 



fabrication 



process o£ implementing aii inductive circuit as part of an 
integrated circuit (IC) which has line-width in the range of 
a micron or sub-niccons such that the Inductive circuit can be 
fully integrated and be regularly employed as an IC curcult 
element. An tnuuctive line formed by connectii^ a plurality 
Of conductive lines disposed on several layers in a 
semiconductor chip by utilizing a plurality of via-connecting 
lines penetrating between said several layers in said 
semiconductoc chip forms an IC inductive coiX In said 
semiconductuc chip, and said inductive line disposed on several 
layers and said plurality of via-connecting lines are 
fabricated by IC processes on said semiconductor cbip. 

2 Representative Drawing 
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